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MEZZANINE-TYPE ELECTRICAL 
CONNECTORS 

FIELD OF THE INVENTION 

The present invention relates to electrical connectors for 
connecting a ?rst and a second electrical device such as a ?rst 
and a second circuit substrate. 

BACKGROUND OF THE INVENTION 

MeZZanine-type electrical connectors may comprise a 
housing, a plurality of electrical conductors, and a plurality of 
fusible elements such as solder balls mounted on the electri 
cal conductors. The solder balls are subjected to a re?oW 
process that melts the solder. The molten solder, upon cool 
ing, forms electrical and mechanical connections betWeen the 
electrical conductors and a mounting substrate such as a 
printed circuit board. 

The meZZanine connector may be equipped With locating 
features that help to maintain the solder balls in the proper 
location in relation to the electrical conductors during the 
re?oW process. For example, pockets that each receive a 
portion of an associated solder ball can be formed in the 
housing. The use of suchpockets usually requires the addition 
of structure to the housing that otherWise Would not be 
required, thereby increasing the complexity and the manufac 
turing cost of the housing. Alternatively, pockets can be 
formed in a separate piece in addition to the housing, such as 
a base. This approach can increase the parts count and the 
manufacturing expense of the housing. 

Mezzanine connectors commonly include a plug portion 
and a receptacle portion. In a typical installation, the plug 
portion is mounted on a ?rst substrate, and the receptacle 
portion is mounted on a second substrate. The plug and recep 
tacle portions mate to form electrical connections betWeen 
the ?rst and second substrates. 

Because the plug and receptacle portions need to be mated, 
the plug and receptacle portions usually are not identical. The 
need for parts speci?c to one, but not the other of the plug and 
receptacle portions increases the number of different types of 
parts needed to construct the connector, potentially increas 
ing manufacturing, tooling, and inventory-related costs. 

SUMMARY OF THE INVENTION 

Embodiments of electrical connectors include substan 
tially identical ?rst and second halves. The ?rst and second 
halves each include insert molded leadframe assemblies that 
comprise electrical conductors. Each electrical conductor of 
the ?rst half engages a substantially identical electrical con 
ductor of the second half When the ?rst and second halves are 
mated. 

Embodiments of electrical connectors comprise a ?rst half 
con?gured for mounting on a ?rst surface, and a substantially 
identical second half con?gured for mounting on a second 
surface and being matable With the ?rst half. The ?rst and 
second halves each comprise a housing, and an insert molded 
leadframe assembly mounted in the housing and comprising 
a ?rst and a second electrical conductor. 

The ?rst contact beam of the electrical conductor of the ?rst 
half engages the second contact beam of the electrical con 
ductor of the second half When the ?rst and second halves are 
mated. The second contact beam of the electrical conductor of 
the ?rst half engages the ?rst contact beam of the electrical 
conductor of the second half When the ?rst and second halves 
are mated. 
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2 
Embodiments of electrical connectors comprise a housing 

and an insert molded leadframe assembly mounted in the 
housing. The insert molded leadframe assembly comprises an 
electrical conductor, an electrically-insulative frame posi 
tioned around the electrical conductor, and a fusible element 
mounted on the electrical conductor. The frame has a pocket 
formed therein that receives at least a portion of the fusible 
element. 
Embodiments of electrical connectors comprise a ?rst half 

mountable on a ?rst substrate, and a substantially identical 
second half mountable on a second substrate and being mat 
able With the ?rst half to establish electrical contact betWeen 
the ?rst and second substrates. 
The ?rst and second halves each comprise an electrical 

conductor having a ?rst and a second contact beam. The ?rst 
contact beam of the electrical conductor of the ?rst half 
engages the second contact beam of the electrical conductor 
of the second half. The second contact beam of the electrical 
conductor of the ?rst half engages the ?rst contact beam of the 
electrical conductor of the second half When the ?rst and 
second halves are mated. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing summary, as Well as the folloWing detailed 
description of a preferred embodiment, are better understood 
When read in conjunction With the appended diagrammatic 
draWings. For the purpose of illustrating the invention, the 
draWings shoW an embodiment that is presently preferred. 
The invention is not limited, hoWever, to the speci?c instru 
mentalities disclosed in the draWings. In the draWings: 

FIG. 1 is a top perspective vieW of an electrical connector; 
FIG. 2 is a top perspective vieW of insert molded leadframe 

assemblies of the connector shoWn in FIG. 1; 
FIG. 3 is a top vieW of the connector shoWn in FIGS. 1 and 

2; 
FIG. 4 is a side vieW of the connector shoWn in FIGS. 1-3; 
FIG. 5 is a bottom vieW of the connector shoWn in FIGS. 

1-4; 
FIG. 6 is a side vieW of the connector shoWn in FIGS. 1-5, 

from a perspective rotated approximately ninety degrees form 
the perspective of FIG. 4; 

FIG. 7 is a top vieW of one of the insert molded leadframe 
assemblies shoWn in FIG. 2; 

FIG. 8 is a side vieW of the insert molded leadframe assem 
bly shoWn in FIGS. 2 and 7; 

FIG. 9 is a bottom vieW of the insert molded leadframe 
assembly shoWn in FIGS. 2, 7, and 8; 

FIG. 10 is a side vieW of the insert molded leadframe 
assembly shoWn in FIGS. 2 and 7-9, from a perspective 
rotated approximately ninety degrees form the perspective of 
FIG. 8; 

FIG. 11 is a bottom perspective vieW of the insert molded 
leadframe assembly shoWn in FIGS. 2 and 7-10; 

FIG. 12 is a magni?ed vieW of the area designated “A” in 
FIG. 11, depicting the insert molded leadframe assembly 
Without solder balls; 

FIG. 13 is a magni?ed vieW of the area designated “A” in 
FIG. 1 1, depicting the insert molded leadframe assembly With 
solder balls; 

FIG. 14 is a top perspective vieW of the insert molded 
leadframe assembly shoWn in FIGS. 2 and 7-13; 

FIG. 15 is a magni?ed vieW of the area designated “B” in 
FIG. 14, 

FIG. 16 is a top perspective vieW of an alternative embodi 
ment of the electrical connector shoWn in FIG. 1; 
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FIG. 17 is a bottom perspective vieW of the connector 
shown in FIG. 16; 

FIG. 18 is a bottom vieW of the connector shoWn in FIGS. 
16 and 17; 

FIG. 19 is a bottom perspective vieW of the connector 
shoWn in FIGS. 16-18; 

FIG. 20 is a side vieW of the connector shoWn in FIGS. 

16-19; 
FIG. 21 is a side vieW of the connector shoWn in FIGS. 

16-20, from a perspective rotated approximately ninety 
degrees form the perspective of FIG. 20; 

FIG. 22 is a top perspective vieW of another alternative 
embodiment of the electrical connector shoWn in FIG. 1, 
depicting ?rst and second halves of the connector in a par 
tially mated condition; 

FIG. 23 is a top perspective vieW of the ?rst half of the 
connector shoWn in FIG. 22; 

FIG. 24 is a side vieW of the connector shoWn in FIGS. 22 
and 23, depicting the ?rst and second halves of the connector 
in a fully mated condition; 

FIG. 25 is a magni?ed vieW of the area designated “C” in 
FIG. 24, With housings of the ?rst and second halves of the 
connector made transparent to reveal mated electrical con 
ductors Within the housings; 

FIG. 26 is a top vieW of the ?rst half of the connector shoWn 
in FIGS. 22-25; 

FIG. 27 is a side vieW of the connector shoWn in FIGS. 
22-26, depicting the ?rst and second halves of the connector 
in a fully-mated condition, and from a perspective rotated 
approximately ninety degrees form the perspective of FIG. 
24; 

FIG. 28 is a magni?ed vieW of the area designated “D” in 
FIG. 27, With the housings of the ?rst and second halves of the 
connector made transparent to reveal the mated electrical 
conductors Within the housings; 

FIG. 29 is a top perspective vieW of insert molded lead 
frame assemblies of the connector shoWn in FIGS. 22-28; 

FIG. 30 is a top perspective vieW of one of the insert 
molded leadframe assemblies shoWn in FIG. 29; 

FIG. 31 is a top perspective vieW of an electrical conductor 
of the insert molded leadframe assembly shoWn in FIGS. 29 
and 30; 

FIG. 32 is a top perspective vieW of another alternative 
embodiment of the electrical connector shoWn in FIG. 1, 
depicting ?rst and second halves of the connector in a par 
tially mated condition; 

FIG. 33 is a top perspective vieW of the ?rst half of the 
connector shoWn in FIG. 22; 

FIG. 34 is a side vieW of the connector shoWn in FIGS. 32 
and 33, depicting the ?rst and second halves of the connector 
in a fully mated condition; 

FIG. 35 is a magni?ed vieW of the area designated “E” in 
FIG. 34, With housings of the ?rst and second halves of the 
connector made transparent to reveal mated electrical con 
ductors Within the housings; 

FIG. 36 is a top vieW of the ?rst half of the connector shoWn 
in FIGS. 32-35; 

FIG. 37 is a side vieW of the ?rst half of the connector 
shoWn in FIGS. 32-36; 

FIG. 38 is a side vieW of the ?rst half of the connector 
shoWn in FIGS. 32-37, from a perspective rotated approxi 
mately ninety degrees from the perspective of FIG. 37; 

FIG. 39 is a side vieW of an insert molded leadframe assem 
bly of the connector shoWn in FIGS. 32-38; 

FIG. 40 is a bottom vieW of the insert molded leadframe 
assembly shoWn in FIG. 39; 
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4 
FIG. 41 is a top perspective vieW of an electrical conductor 

of the insert molded leadframe assembly shoWn in FIGS. 39 
and 40; 

FIG. 42 is a side vieW of the electrical conductor shoWn in 
FIG. 41; 

FIG. 43 is a side vieW of the electrical conductor shoWn in 
FIGS. 41 and 43, from a perspective rotated approximately 
ninety degrees from the perspective of FIG. 42; 

FIG. 44 is a bottom vieW of the insert molded leadframe 
assembly shoWn in FIGS. 39 and 40; and 

FIG. 45 is a side vieW of the insert molded leadframe 
assembly shoWn in FIGS. 39, 40, and 44, from a perspective 
rotated approximately ninety degrees from the perspective of 
FIG. 39. 

DETAILED DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

FIGS. 1 through 15 depict an electrical connector 10. The 
connector 10 can form part of a meZZanine connector system 
that electrically connects a ?rst and a second electrical device 
such as a ?rst and a second circuit substrate. The connector 10 
comprises an electrically-insulative housing 12, and a plural 
ity of insert molded leadframe assemblies (IMLAs) 14 con 
tained Within the housing 12. The connector 10 is depicted 
With ten of the IMLAs 14 for exemplary purposes only; 
alternative embodiments can include more, or less than ten of 
the IMLAs 14. 

Each IMLA 14 includes a plurality of electrical conductors 
16, and a plurality of fusible elements such as solder balls 17. 
Each IMLA 14 also includes an electrically-insulative upper 
frame 18, and an electrically-insulative loWer frame 20. The 
IMLAs 14 are depicted With thirty-three of the electrical 
conductors 16 and thirty-three of the solder balls 17 for exem 
plary purposes only; the IMLAs 108 of alternative embodi 
ments can include more, or less than thirty-three of the elec 
trical conductors 16 and solder balls 17. 

Each electrical conductor 16 includes a contact beam 22, a 
leadportion 24 that adjoins the contact beam 22, and a post 26 
that adjoins an end of the lead portion 24 distal the contact 
beam 22. Adjacent ones of the electrical conductors 16 can be 
oriented so that the contact beams 22 thereof face in opposite 
directions, as shoWn in FIGS. 2, 10, 11, and 14. 
The upper frame 18 of each IMLA 14 is molded around the 

lead portions 24 of the associated electrical conductors 16, 
proximate the associated contact beams 22, as shoWn in 
FIGS. 8, 11, 14, and 15. The upper frame 18 has a plurality of 
cylindrical projections 30 formed thereon. The upper frame 
18 also includes a plurality of cylindrical pockets or recesses 
32. The projections 30 and the recesses 32 are arranged in an 
alternating manner on both sides of the upper frame 18, so that 
the projections 30 of each IMLA 14 are disposed Within 
corresponding recesses 32 of the adjacent IMLAs 14 When 
the connector 10 is assembled. The projections 30 and the 
recesses 32 are siZed so that each projection 30 ?ts snugly 
Within the corresponding recess 32. The engagement of the 
projections 30 and the periphery of the associated recesses 32 
of the adjacent IMLAs 14 helps to locate and restrain each 
IMLA 14 in relation to the adjacent IMLAs 14. 
The loWer frame 20 of each IMLA 14 is molded around the 

lead portions 24 of the associated electrical conductors 16, 
proximate the associated posts 26, as shoWn in FIGS. 8 and 
10-15. The loWer frame 20 has a plurality of rectangular 
projections 34 formed thereon. The upper frame 18 also 
includes a plurality of rectangular pockets or recesses 36. The 
projections 34 and the recesses 36 are arranged in an alter 
nating manner on both sides of the loWer frame 20, so that the 
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projections 34 of each IMLA 14 are disposed in correspond 
ing recesses 36 of the adjacent lMLAs 14 When the connector 
10 is assembled. The projections 30 and the recesses 32 are 
siZed so that each projection 30 ?ts snugly Within the corre 
sponding recess 32. The engagement of the projections 32 
and the periphery of the associated recesses 34 of the adjacent 
lMLAs 14 helps to locate and restrain each IMLA 14 in 
relation to the adjacent lMLAs 14. 

The loWer frame 20 has a plurality of pockets 42 formed 
therein, as shoWn in FIGS. 12 and 13. Each post 26 is located, 
in part, Within an associated one of the pockets 42. Each 
pocket 40 is de?ned by four substantially ?at surfaces 43, as 
shoWn in FIG. 12. Each surface 43 is angled in relation to the 
longitudinal centerline of the associated post 26. 

Each solder ball 17 is positioned, in part, Within an asso 
ciated pocket 42 of the loWer frame 20. The solderballs 17 are 
subjected to a solder re?oW process after the connector 10 has 
been placed on its mating substrate (not shoWn). The solder 
re?oW process melts the solder balls 17. The molten solder, 
upon cooling, forms solder connections betWeen the electri 
cal conductors 16 and associated contact pads on the mating 
substrate. The angled surfaces 43 of the pockets 42 help to 
locate the solder balls 17 and the molten solder during the 
re?oW process, and thereby assist in the proper formation of 
the resulting solder connections. 

Integrating the pockets 42 into the loWer frame 20 of each 
IMLA 14 can obviate the need for a separate structure in 
addition to the housing 12, or for additional structure in the 
housing 12 itself, to accommodate the solder balls 17. More 
over, the lMLAs 14 can be molded in continuous strips and 
then cut to a desired length to accommodate differently siZed 
housings 12 used in different applications, thereby obviating 
the need for different tooling to manufacture lMLAs 14 of 
different lengths. 

The housing 12 includes an upper portion 48 and a loWer 
portion 50. Penetrations 52 can be formed in a sideWall of the 
loWer portion 50, as shoWn in FIGS. 1 and 4. Each penetration 
52 receives an associated projection 34 of one of the outer 
most lMLAs 14. Interference betWeen the projections 34 and 
the peripheral surfaces of the penetrations 52 helps to retain 
the lMLAs 14 in the housing 12. 

The contact beams 22 of the electrical conductors 16 are 
located Within the upper portion 48 of the housing 12. The 
upper portion 48 has slots 56 formed therein, as shoWn in 
FIGS. 1 and 3. Each slot 56 extends along the lengthWise 
direction of the upper portion 48, and is positioned above an 
associated IMLA 14. The slots 56 provide contacts of a mat 
ing connector (not shoWn) With access to the contact beams 
22. The slots 56 also provide clearance betWeen the contact 
beams 22 and the adjacent surfaces of the upper portion 48 of 
the housing 12, to accommodate the de?ection of the contact 
beams 22 that occurs When the contact beams 22 are mated 
With the contacts of the mating connector. 

FIGS. 16-21 depict an alternative embodiment of the con 
nector 10 in the form of a connector 80. The connector 80 
includes a housing 82, and a plurality of lMLAs 84. The 
lMLAs 84 are shorter than the lMLAs 14, so that the lMLAs 
84 can be oriented substantially perpendicular to the length 
Wise direction of the housing 82. The lMLAs 84 otherWise are 
substantially similar to the lMLAs 14. 
The housing 82 has slots 85 formed therein. Each slot 85 

extends along a direction substantially perpendicular to the 
lengthWise direction of the housing 82, and is positioned 
above an associated IMLA 84. The slots 85 provide contacts 
of a mating connector (not shoWn) With access to contact 
beams of the lMLAs 84. 
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6 
The housing 82 has penetrations 86 formed therein. Each 

penetration 86 receives an end of a loWer frame of an associ 
ated one of the lMLAs 84, to retain the lMLAs 84 in the 
housing 82. 

FIGS. 22 through 31 depict another alternative embodi 
ment in the form of an electrical connector 100. The connec 
tor 100 includes a ?rst half 102, and a second half 104 that 
mates With the ?rst half 102. The ?rst half 102 and the second 
half 104 are hermaphroditic, i.e., the ?rst half 102 and the 
second half 104 are non-gender-speci?c. 
The ?rst half 102 and the second half 104 of the connector 

100 are substantially identical. The folloWing comments con 
cerning the components of the ?rst half 102 apply equally to 
the second half 104, unless otherWise noted. 

The ?rst half 102 comprises a housing 106, and a plurality 
of lMLAs 108 contained Within the housing 106. The con 
nector 100 is depicted With six of the lMLAs 108 for exem 
plary purposes only; alternative embodiments can include 
more, or less than six of the lMLAs 108. 
The housing 106 of the ?rst half 102 is con?gured to mate 

With a substantially identical housing 106 of the second half 
104. Each housing 106 includes a sideWall 112. The sideWall 
112 includes a ?rst portion 114 and a second portion 116 that 
together form the top of the sideWall 112 (from the perspec 
tive of FIG. 23). The ?rst portion 114 is thinned so that the ?rst 
portion 112 is recessed in relation to the outWardly-facing 
surfaces of the sideWall 112, and de?nes an outWardly-facing 
recess 117, as shoWn in FIG. 23. The second portion 116 is 
thinned so that the second portion 116 is recessed in relation 
of the inWardly-facing surfaces of the sideWall 112, and 
de?nes an inWardly-facing recess 118. 
The ?rst portion 114 of the sidewall 112 of each housing 

106 is received Within the recess 118 of the other housing 106 
When the ?rst and second halves 102, 104 are mated. The 
second portion 116 of the sideWall 112 of each housing 106 is 
received Within the recess 117 of the other housing 106 When 
the ?rst and second halves 102, 104 are mated. The ?rst and 
second portions 114, 116 and the recesses 117, 118 provide a 
visual indication that the ?rst and second halves 102, 104 are 
properly oriented during mating, and help to guide the ?rst 
and second halves 102, 104 during mating. 

Each housing 106 also includes a ?rst end portion 120 and 
a second end portion 122, as shoWn in FIGS. 22-24. The ?rst 
and second end portions 120, 122 each have a bore 124 
formed therein. A pin 125, shoWn in FIGS. 22 and 23, is ?t 
snugly Within the bore 124 of the ?rst end portion 120 of each 
housing 106. The pin 125 ?ts snugly Within the bore 124 of 
the second end portion 122 of the other housing 106 When the 
?rst half 102 and the second half 104 are mated. The pins 124 
help to guide the ?rst and second halves 102, 104 as the ?rst 
and second halves 102, 104 are mated. Moreover, friction 
betWeen the pins 124 and the peripheral surfaces of the bores 
124 helps to maintain the ?rst and second halves 102, 104 in 
a mated condition. 
The second end portion 122 extends over substantially the 

entire height of the housing 106, as shoWn in FIG. 24. The ?rst 
end portion 120 is relatively short in comparison to the second 
end portion 122. More particularly, the top of the second end 
portion 122 is approximately even With the bottom of the ?rst 
portion 114 of the sideWall 112 (from the perspective of FIG. 
24). This feature prevents the ?rst end portion 120 of each 
housing 106 from interfering With the second end portion 122 
of the other housing 106 When the ?rst and second halves 102, 
104 are mated. 
Each IMLA 108 includes a plurality of electrical conduc 

tors 126, and a plurality of fusible elements such as solder 
balls 128. The lMLAs 108 are depicted in FIGS. 29 and 30. 
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Each IMLA 108 also includes an electrically-insulative upper 
frame 130, and an electrically-insulative lower frame 132. 
The lMLAs 108 are depicted With twelve of the electrical 
conductors 126 and tWelve of the solder balls 128 for exem 
plary purposes only; the lMLAs 108 of alternative embodi 
ments can include more, or less than tWelve of the electrical 
conductors 126 and solder balls 128. 

Each electrical conductor 126 includes a contact portion 
134, a lead portion 136 that adjoins the contact portion 134, 
and a post 138 that adjoins the end of the lead portion 136 
distal the contact portion 134, as shoWn in FIG. 31. The 
contact portion 134 includes a ?rst contact beam 140 and a 
second contact beam 142 positioned in a side by side rela 
tionship. The ?rst contact beam 140 is substantially straight. 
The second contact beam 142 is angled in relation to the 
longitudinal axis of the lead portion 136, as shoWn in FIGS. 
28 and 31. 

The upper frame 130 of each IMLA 108 is molded around 
the lead portions 136 of the associated electrical conductors 
126, proximate the associated contact portion 134, as shoWn 
in FIG. 30. 

The loWer frame 132 of each IMLA 108 is molded around 
the lead portions 136 of the associated electrical conductors 
126, proximate the associated post 138, as shoWn in FIG. 30. 
The loWer frame 132 has a plurality of proj ections 144 formed 
thereon. The loWer frame 132 also has a plurality of pockets 
or recesses 146 formed therein. The projections 144 and the 
recesses 146 are arranged in an alternating manner on both 
sides of the loWer frame 132. This arrangement causes the 
projections 144 of each IMLA 108 to become disposed Within 
corresponding recesses 146 of the adjacent lMLAs 108 When 
the lMLAs 108 are positioned Within their associated hous 
ings 106. 

The projections 144 and the recesses 146 are siZed so that 
each projection 144 ?ts snugly Within the corresponding 
recess 146 of the adjacent IMLA 108. The engagement of the 
projections 144 and the periphery of the associated recesses 
146 of the adjacent lMLAs 108 helps to locate and restrain 
each IMLA 108 in relation to the adjacent lMLAs 108. Each 
projection 144 can have a major surface 148 that is angled in 
relation to the vertical direction as shoWn in FIGS. 29 and 30, 
to facilitate assembly and disassembly of the lMLAs 108 
Within their associated housings 106. 

Each housing 106 can have a plurality of inWardly-facing 
recesses (not shoWn) formed therein for receiving the proj ec 
tions 144 of the outermost lMLAs. Interference betWeen the 
projections 144 and the peripheral surfaces of the recesses can 
help retain the lMLAs 108 in the housing 106. 

The upper frames 130 of alternative embodiments can be 
equipped With recesses and projections such as the recesses 
146 and the projections 144 of the loWer frames 132. 
The loWer frame 132 of each IMLA 108 has a plurality of 

pockets 150 formed therein, as shoWn in FIG. 26. Each post 
138 of the contacts 126 is located, in part, Within an associated 
one of the pockets 150. Each post 138 has one of the solder 
balls 128 attached thereto, so that the solder ball 128 is posi 
tioned in part Within the associated pocket 150. The pockets 
150 can be substantially similar to the pockets 42 in the loWer 
frames 30 of the connector 10 described above. The solder 
balls 128 can be re?oWed to form solder connections betWeen 
the ?rst and second halves 102, 104 of the connector 100 and 
their respective mounting substrates (not shoWn). 

The con?guration of the contact portions 134 of the elec 
trical conductor 126 permits each of the electrical conductors 
126 of the ?rst half 102 to mate With an associated electrical 
conductor 126 of the second half 104 When the ?rst and 
second halves 102, 104 are mated. In particular, the angled 
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8 
second contact beam 142 of each electrical conductor 126 of 
the ?rst half 102 contacts and mates With a substantially 
straight ?rst contact beam 140 of an associated electrical 
conductor 126 of the second half 104 When the ?rst and 
second halves 102, 104 are mated, as shoWn in FIGS. 25 and 
28. The ?rst contact beam 140 of each electrical conductor 
126 of the ?rst half 102 likeWise contacts the second contact 
beam 142 of an associated one of the electrical conductors 
126 of the second half 104 When the ?rst and second halves 
102, 104 are mated. 
The contact betWeen the associated ?rst and second contact 

beams 140, 142 ofthe ?rst and second halves 102, 104 causes 
each of the second contact beams 142 to resiliently de?ect 
outWardly, aWay from the associated ?rst contact beam 140, 
as the ?rst and second halves 102, 104 are mated. The contact 
betWeen the associated ?rst and second contact beams 140, 
142 also causes each of the ?rst contact beams 140 to resil 
iently de?ect outWardly, aWay from the associated second 
contact beam 142. The resilient de?ection of the ?rst and 
second contact beams 140, 142 results in a contact force 
betWeen the associated ?rst and second contact beams 140, 
142. 
The identical con?guration of the ?rst and second halves 

102, 104 of the connector 100 helps to minimiZe the number 
of different types of parts needed to construct the connector 
100, in comparison to a non-hermaphroditic connector of 
comparable capabilities. Manufacturing, tooling, and inven 
tory-related costs thereby can potentially be reduced due to 
the identical con?guration of the ?rst and second halves 102, 
104. Moreover, the lMLAs 108 can be molded in continuous 
strips and then cut to a desired length, to accommodate dif 
ferently sized housings 106 used in different applications. 

FIGS. 32 through 45 depict another alternative embodi 
ment in the form of an electrical connector 200. The connec 
tor 200 includes a ?rst half 202, and a second half 204 that 
mates With the ?rst half 202. The ?rst half 202 and the second 
half 204 are hermaphroditic. 
The ?rst half 202 and the second half 204 of the connector 

200 are substantially identical. The folloWing comments con 
cerning the components of the ?rst half 202 apply equally to 
the second half 204, unless otherWise noted. 

The ?rst half 202 comprises a housing 206, and a plurality 
of lMLAs 208 contained Within the housing 206. The ?rst 
half 202 is depicted With less than all of its lMLAs 208, for 
clarity of illustration. 
The housing 206 of the ?rst half 202 is con?gured to mate 

With a substantially identical housing 206 of the second half 
204. Each housing 206 includes a sideWall 212. The sideWall 
212 includes a ?rst portion 214 and a second portion 216 that 
together form the top of the sideWall 212 (from the perspec 
tive of FIG. 33). The ?rst portion 214 is thinned so that the ?rst 
portion 212 is recessed in relation to the outWardly-facing 
surfaces of the sideWall 212, and de?nes an outWardly-facing 
recess 217 as shoWn in FIGS. 33 and 36. The second portion 
216 is thinned so that the second portion 216 is recessed in 
relation of the inWardly-facing surfaces of the sideWall 212, 
and de?nes an inWardly-facing recess 218. 
The ?rst portion 214 of the sideWall 212 of each housing 

206 is received Within the recess 218 of the other housing 106 
When the ?rst and second halves 102, 104 are mated. The 
second portion 216 of the sideWall 212 of each housing 206 is 
received Within the recess 217 of the other housing 206 When 
the ?rst and second halves 202, 204 are mated. The ?rst and 
second portions 214, 216 and the recesses 217, 218 provide a 
visual indication that the ?rst and second halves 202, 204 are 
properly oriented during mating, and help to guide the ?rst 
and second halves 202, 204 during mating. 
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Each IMLA 208 includes a plurality of electrical conduc 
tors 226, and a plurality of fusible elements such as solder 
balls 228, as shown in FIGS. 39-45. Each IMLA 208 also 
includes an electrically-insulative frame 230. The lMLAs 
208 are depicted With ten of the electrical conductors 226 and 
ten of the solder balls 228 for exemplary purposes only; the 
lMLAs 208 of alternative embodiments can include more, or 
less than ten of the electrical conductors 226 and ten of the 
solder balls 228. 
Each electrical conductor 226 includes a contact portion 10 

234, and a lead portion 236 that adjoins the contact portion 
234, as shoWn in FIGS. 41-43. Each electrical conductor 226 
also includes a ball paddle 238. The ball paddle 238 adjoins 
the end of the lead portion 236 distal the contact portion 234, 
and is oriented substantially perpendicular to the longitudinal 
axis of the lead portion 236. 

The contact portion 234 includes a ?rst contact beam 240 
and a second contact beam 242 positioned in a side by side 
relationship, as shoWn in FIG. 39-45. The ?rst contact beam 
240 is substantially straight. A portion of the second contact 
beam 242 is angled so that the second contact beam 242 is 
offset in relation to the longitudinal axis of the lead portion 
236, as shoWn in FIGS. 43 and 45. 

The frame 230 of each IMLA 208 is molded around the 
lead portions 236 of the associated electrical conductors 226. 
The upper and loWer ends of each frame 230 are thickened in 
relation to the remainder of the frame 230 as shoWn in FIG. 
45, to facilitate spacing betWeen adjacent lMLAs 208. 

Each ball paddle 238 of the electrical conductors 226 has 
one of the solder balls 228 attached thereto, as shoWn in FIGS. 
39, 44, and 45. The solder balls 228 can be re?oWed to form 
solder connections betWeen the ?rst and second halves 202, 
204 of the connector 200 and their respective mounting sub 
strates (not shoWn). 
The con?guration of the contact portions 234 of the elec 

trical conductor 226 permits each of the electrical conductors 
226 of the ?rst half 202 to mate With an associated electrical 
conductor 226 of the second half 204 When the ?rst and 
second halves 202, 204 are mated. In particular, the offset 
second contact beam 242 of each electrical conductor 226 of 
the ?rst half 202 contacts and mates With a substantially 
straight ?rst contact beam 240 of an associated electrical 
conductor 226 of the second half 204 When the ?rst and 
second halves 202, 204 are mated, as shoWn in FIG. 36. The 
?rst contact beam 240 of each electrical conductor 226 of the 
?rst half 202 likeWise contacts the second contact beam 242 
of an associated one of the electrical conductors 226 of the 
second half 204 When the ?rst and second halves 202, 204 are 
mated. 

The contact betWeen the associated ?rst and second contact 
beams 240, 242 ofthe ?rst and second halves 202, 204 causes 
each of the second contact beams 242 to resiliently de?ect 
outWardly, aWay from the associated ?rst contact beams 202, 
as the ?rst and second halves 202, 204 are mated. The contact 
betWeen the associated ?rst and second contact beams 202, 
204 also causes each of the ?rst contact beams 202 to resil 
iently de?ect outWardly, aWay from the associated second 
contact beam 204. The resilient de?ection of the ?rst and 
second contact beams 240, 242 results in a contact force 
betWeen the associated ?rst and second contact beams 240, 
242. 

The identical con?guration of the ?rst and second halves 
202, 204 of the connector 200 helps to minimiZe the number 
of different types of parts needed to construct the connector 
200, in comparison to a non-hermaphroditic connector of 
comparable capabilities. Moreover, the lMLAs 208 can be 
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10 
molded in continuous strips and then cut to a desired length, 
to accommodate differently siZed housings 206 used in dif 
ferent applications. 

What is claimed: 
1. An electrical connector, comprising a ?rst half con?g 

ured for mounting on a ?rst surface, and a substantially iden 
tical second half con?gured for mounting on a second surface 
and being matable With the ?rst half, Wherein: 

the ?rst half comprises a ?rst housing and a ?rst electrical 
conductor retained by the ?rst housing, and the second 
half comprises a second housing and a second electrical 
conductor retained by the second housing; 

Wherein the ?rst and second electrical conductors each 
include ?rst and second contact beams disposed at 
respective mating ends of the electrical conductors, the 
?rst and second contact beams are arranged in a side 
by-side orientation, the ?rst contact beam is shaped dif 
ferently than the second contact beam, and the mating 
end of the ?rst electrical conductor engages the mating 
end of the second electrical conductor When the ?rst half 
is mated With the second half. 

2. The electrical connector of claim 1, Wherein: 
the ?rst electrical conductor further comprises a lead por 

tion in electrical contact With the ?rst and second contact 
beams of the ?rst electrical conductor; and 

the second electrical conductor has a contact portion that 
includes ?rst and second contact beams disposed in a 
side-by side relationship, the second contact beam is 
shaped differently than the ?rst contact beam, and a lead 
portion in electrical contact With the ?rst and second 
contact beams. 

3. The electrical connector of claim 1, Wherein: 
the housings of the ?rst and second halves each comprise a 

sideWall having a ?rst portion that de?nes an outWardly 
facing recess, and a second portion that de?nes an 
inWardly-facing recess; 

the ?rst portion of each of the housings becomes disposed 
Within the inWardly-facing recess of the other housing 
When the ?rst and second halves are mated; and 

the second portion of each of the housings becomes dis 
posed Within the outWardly-facing recess of the other 
housing When the ?rst and second halves are mated. 

4. The electrical connector of claim 1, Wherein the hous 
ings of the ?rst and second halves each include an end portion 
having a bore formed therein, Wherein the bores receive a pin 
that guides the ?rst and second housings during mating of the 
?rst and second halves. 

5. The electrical connector of claim 1, Wherein the ?rst 
contact beam is substantially straight in relation to a longitu 
dinal axis, and the second contact beam of the ?rst electrical 
conductor is angled and/ or offset in relation to the longitudi 
nal axis. 

6. The electrical connector of claim 1, Wherein the ?rst half 
comprises an insert molded leadframe assembly mounted in 
the ?rst housing, and the insert molded leadframe assembly 
carries the ?rst electrical conductor. 

7. The electrical connector of claim 1, Wherein the second 
half is substantially identical to the ?rst half. 

8. The electrical conductor of claim 1, Wherein ?rst con 
ductor comprises a contact portion that carries the ?rst and 
second contact beams. 

9. The electrical connector of claim 1, Wherein the ?rst 
contact beam is substantially straight in relation to a longitu 
dinal axis, and the second contact beam of the ?rst electrical 
conductor is angled and/ or offset in relation to the longitudi 
nal axis. 
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10. The electrical connector of claim 1, Wherein the con 
nector is a mezzanine connector and the ?rst and second 
halves comprise meZZanine halves. 

11. The electrical connector of claim 2, Wherein: 
the ?rst contact beam of the ?rst electrical conductor is 

substantially straight, and the second contact beam of 
the ?rst electrical conductor is angled and/or offset in 
relation to a longitudinal axis of the lead portion of the 
?rst electrical conductor; and 

the ?rst contact beam of the second electrical conductor is 
substantially straight, and the second contact beam of 
the second electrical conductor is angled and/or offset in 
relation to a longitudinal axis of the lead portion of the 
second electrical conductor. 

12. The electrical connector of claim 2, Wherein: 
the ?rst electrical conductor further comprises a ball 

paddle in electrical contact With the lead portion of the 
?rst electrical conductor; 

the insert molded leadframe assembly of the ?rst half fur 
ther comprises a ?rst fusible element mounted on the 
ball paddle post of the ?rst electrical conductor; 

the second electrical conductor further comprises a ball 
paddle in electrical contact With the lead portion of the 
second electrical conductor; and 

the insert molded leadframe assembly of the second half 
further comprises a second fusible element mounted on 
the ball paddle of the second electrical conductor. 

13. The electrical connector of claim 2, Wherein: 
the ?rst electrical conductor further comprises a post in 

electrical contact With the lead portion of the ?rst elec 
trical conductor; 

the ?rst half comprises an insert molded leadframe assem 
bly that carries the ?rst electrical conductor and has a 
?rst fusible element mounted on the post of the ?rst 
electrical conductor, and a ?rst frame disposed around 
the ?rst electrical conductor; 

the second electrical conductor further comprises a post in 
electrical contact With the lead portion of the second 
electrical conductor; and 

the second half comprises an insert molded leadframe 
assembly that carries the second electrical conductor 
and has second fusible element mounted on the post of 
the second electrical conductor, and a second frame 
disposed around the second electrical conductor. 

14. The electrical connector of claim 13, Wherein: 
the ?rst frame has a pocket formed therein; at least a por 

tion of the ?rst fusible element is positioned Within the 
pocket; the second frame has a pocket formed therein; 
and at least a portion of the second fusible element is 
positioned Within the pocket of the second frame. 

15. The electrical connector of claim 13, Wherein: 
the ?rst half comprises another insert molded leadframe 

assembly comprising a third frame; 
interference betWeen the ?rst and third frames ?rst half 

restrains the insert molded leadframe assemblies of the 
?rst half in relation to each other; 

the second half comprises another insert molded leadframe 
assembly comprising a fourth frame; and 

interference betWeen the second and fourth frames 
restrains the insert molded leadframe assemblies of the 
second half in relation to each other. 

16. The electrical connector of claim 15, Wherein: 
the ?rst and third frames each have projections formed 

thereon and recesses formed therein; the projections of 
the ?rst frame are received With the recesses of the third 
frame; the projections of the third frame are received 
With the recesses of the ?rst frame; and interference 
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betWeen the projections and peripheral surfaces of the 
associated recesses restrains the insert molded lead 
frame assemblies of the ?rst half in relation to each 
other; and 

the second and fourth frames each have projections formed 
thereon and recesses formed therein; the projections of 
the second frame are received With the recesses of the 
fourth frame; the projections of the fourth frame are 
received With the recesses of the second frame; and 
interference betWeen the projections and peripheral sur 
faces of the associated recesses of the second and fourth 
frames restrains the insert molded leadframe assemblies 
of the second half in relation to each other. 

17. The electrical connector of claim 3, Wherein the ?rst 
and second portions of the sideWalls of the housings are 
thinned in relation to a remainder of the sideWalls of the 
housings. 

18. The electrical connector of claim 13, Wherein the fus 
ible elements of the insert molded leadframe assemblies of 
the ?rst and second halves are solder balls. 

19. The electrical connector of claim 5, Wherein the ?rst 
electrical conductor further comprises a lead portion con 
nected to the ?rst and second conductors, Wherein the lead 
portion extends along the longitudinal axis. 

20. The electrical connector of claim 19, Wherein the sec 
ond contact beam has ?rst portion that ?ares outWardly and a 
second portion that extends inWardly, and the ?rst portion is 
closer to the lead portion than the second portion. 

21. The electrical connector of claim 19, Wherein 
the ?rst contact beam is substantially straight in relation to 

a longitudinal axis, and the second contact beam is 
angled and/or offset in relation to the longitudinal axis. 

22. An electrical connector comprising a ?rst half mount 
able on a ?rst substrate, and a substantially identical second 
half mountable on a second substrate and being matable With 
the ?rst half to establish electrical contact betWeen the ?rst 
and second substrates, Wherein: 

the ?rst and second halves each comprise a linear array of 
electrical conductors, each conductor in the linear array 
of electrical conductors having a lead portion, a ?rst 
contact beam extending from the lead portion, and a 
second contact beam extending from the lead portion, 
Wherein the lead portions of the electrical conductors in 
each respective linear array of conductors are linearly 
aligned With the other lead portions of the electrical 
conductors in each respective linear array of conductors, 
and the ?rst contact beam of each conductor is shaped 
differently than the second contact beam of each con 
ductor; and 

the ?rst contact beam of a ?rst electrical conductor of the 
electrical conductors of the ?rst half engages the second 
contact beam of a second electrical conductor of the 
electrical conductors of the second half, and the second 
contact beam of the ?rst electrical conductor engages the 
?rst contact beam of the second electrical conductor 
When the ?rst and second halves are mated. 

23. The electrical connector of claim 22, Wherein: 
the ?rst and second halves each comprise a housing having 

a ?rst and a second recessed portion formed therein; 
the ?rst recessed portion of the housing of the ?rst half 

de?nes a recess that receives the second recessed portion 
of the housing of the second half; and 

the ?rst recessed portion of the housing of the second half 
de?nes a recess that receives the second recessed portion 
of the housing of the ?rst half. 




